Oxidation and Structuring of Polydicyclopentadiene Thin Layers  by Lyapkov, A.A. et al.
 Procedia Chemistry  10 ( 2014 )  223 – 228 
1876-6196 © 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of Tomsk Polytechnic University
doi: 10.1016/j.proche.2014.10.038 
Available online at www.sciencedirect.com
ScienceDirect
XV International Scientific Conference “Chemistry and Chemical Engineering in XXI century” 
dedicated to Professor L.P. Kulyov 
Oxidation and Structuring of Polydicyclopentadiene Thin Layers 
Lyapkov, A.A.a*, Gvozdkov, E.L.a, Tarakanovskaya, A.N.a, Tarnovskaya, O.D.a, 
Yakovleva, Y.S.a 
a Tomsk Polytechnic University, Lenin Av., 30, Tomsk 634050, Russia 
Abstract 
It has been shown that polymeric film coatings derived from polydicyclopentadiene are subject to oxidation and structuring in air. 
Oxidation in air of double bonds in films gradually happens during several weeks and it comes amid an increase of adsorption 
band of carbonyl and hydroxyl groups in polymers infrared spectrums. Moreover, because of selective oxidation of cis-
configured chains, structuring occurs around the double bonds in the polymer chain in polydicyclopentadiene films acquired by 
metathesis polymerization 
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1. Introduction 
 
An important task for chemical engineers is to solve the problem of recycling waste from manufacturing 
facilities. The usage of side products reduces the impact on the environment and can increase economic efficiency of 
the production.  
Dicyclopentadiene contained in various particles of liquid products of pyrolysis has a system of olefinic bonds 
and strained cycles. It is quite a reactive compound. During dicyclopentadiene polymerization, depending on the 
type of chosen catalytic system1-6, there are macromolecules formed with olefinic bonds in the main chain or 
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sidechains. The high unsaturation of dicyclopentadiene-based polymers predefines their tendency for oxidative and 
structural transformations in the thin layer7. However, a means of getting polydicyclopentadiene significantly 
influences this process determining the oxidation and structuring rate and process. 
 
2. Experiment 
 
Dicyclopentadiene polymerization in toluene solution was carried out in the reaction vessel, which was an ideal 
mixing reactor of 100 ml 2. The initiators were a catalytic complex of titanium tetrachloride with 
triisobuthylaluminum in mole ration 1:1, and an original Hoveyda–Grubbs II type catalyst 8.  
Dicyclopentadiene produced by Hangzhou Uniwise International Co., Ltd. with 99% base material content was 
cleared from stabilizer by distillation under reduced pressure of ~6.6 kPa.  
Toluene was dehydrated by the known procedure9.  
Titanium tetrachloride with 99.9% base material content and the density of 1.727 g/cm3 was used without 
additional clearing. Triisobuthylaluminum (AliBu3) was used as a solution in toluene with the concentration of 
0.243 g/cm3. Working solution was prepared by diluting the main one with dry solvent until the needed 
concentration was achieved. All the procedures with TiCl4 and AliBu3 were carried out in a Mbraun LabStar glove 
box with argon atmosphere.  
Infrared spectrums were registered using infrared Fourier spectrometer Thermo Electron Corporation NICOLET 
5700 in the range 600-4000 cm-1. 
 
3. Results and discussion 
 
Dicyclopentadiene polymerization under the complex of TiCl4 : AliBu3 was carried out with sequenced adding of 
catalytic system components to the monomer solution in toluene with the concentration of 1.45 mol/ l. The 
concentration of the catalytic system of TiCl4:AliBu3 (1:1) equaled 1.0710-3 mol/l. 
It is obvious that there is cationic polymerization of dicyclopentadiene in this case as well as with just TiCl4 1 or 
the catalytic system TiCl4 : AlEt2Cl (1:1) 2,3.  
Ruthenium complex (1,3-bis-(2,4,6-trimethylphenil)-2-imidazolidinylidene)-dichloro-(ortho-N,N-dimethyl-
aminomethyl-phenylmethylene)-ruthenium7 soluble in the monomer and in toluene at room indoor temperature was 
the catalyst of metathesis dicyclopentadiene polymerization:  
 
It is stable during storage, resistant to oxygen and air moisture, so it does not require inert atmosphere. The 
catalyst concentration was 1.0710–3 mol/l (mole ratio of the monomer to the catalyst was 1400:1).  
During metathesis dicyclopentadiene polymerization the estimated amount of the original Hoveyda–Grubbs II 
type catalyst dissolved in toluene was added to the monomer solution.  
The derived polymers were soluble in aromatic and chlorinated hydrocarbons that are used to get glossy 
transparent films. However, in course of time during air storage polydicyclopentadiene films get dark, their 
solubility gets worse because of the oxidation of double bonds and formation of cross-linking in the polymer 
structure.  
Oxidation in air of double bonds in the films is gradual and comes amid the intensity increase of the absorption 
band of carbonyl and hydroxyl groups in infrared spectrums of polymers (fig. 1). 
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Fig. 1. The infrared spectrum of the dicyclopentadiene polymers films from the toluene solution under the catalytic system TiCl4– AliBu3 (1) and 
under the original Hoveyda–Grubbs II type catalyst (2), 25 hours after synthesis, the thin layers on KBr. 
 
A wide band at 3400 cm-1 belongs to valence vibrations of hydroxyl groups near various carbon atoms in the 
main chain of polymers. In infrared spectrum there is also an increase of intensity of absorption of deformation 
vibrations of carboxyl groups at 1690 cm-1 for polydicyclopentadiene from cationic polymerization (curve 1, fig. 1), 
and 1710 cm-1 for polydicyclopentadiene from metathesis polymerization (curve 2, fig. 1). Apart from this, in 
infrared spectrums the intensity of adsorption of ether groups also increases (a wide band ~1030…1080 см-1).  
It can be seen in figure 1 that there are distinctive differences in the structure of polymers from cationic (curve 1) 
and metathesis (curve 2) polymerization. So, in the range 700-770 cm-1 the position and the quantity of bands of 
CH-bonds deformation vibrations show that there is a six-membered ring in the products of cationic polymerization 
(curve 1, fig. 1), while there is only a five-membered ring in the products of metathesis polymerization (curve 2, fig. 
1).  
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Fig. 2. The correlation of adsorption bands at 1690 and 1450 cm-1 for polydicyclopentadiene from cationic polymerization (a) and 1710 and 1450 
cm-1 for polydicyclopentadiene from metathesis polymerization (b), and the time of film exposure to the air. 
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In the range of products of metathesis polymerization (curve 2, fig. 1) there are vibrations bands of cis- and trans-
isomerism at the double bonds in the polymeric chain (correspondingly 732 and 974 cm-1) which are not found in 
the range of the products of cationic polymerization (curve 1, fig. 1).  
The oxidation kinetics of the polydicyclopentadiene films in air was studied using the intensity dynamics of 
deformation vibrations adsorption of carboxyl groups and valence vibrations of hydroxyl groups. In figure 2 there 
are kinetic curves of polydicyclopentadiene oxidations in the form of correlations of the changes of relative 
deformation vibrations intensity in the carboxyl group and the time of film exposure to the air.  
The correlation in figure 2 shows that the oxidation is at its maximum on day 20 after which the process becomes 
stable and acquires a constant rate.  
Figure 3 shows kinetic curves of polydicyclopentadiene oxidation in the form of a correlation of the changes of 
relative valence vibrations intensity in hydroxyl group and the time of film exposure to the air.  
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Fig. 3. The correlation of adsorption bands at 3400 and 1450 cm-1 for polydicyclopentadiene from cationic polymerization (a) and for 
polydicyclopentadiene from metathesis polymerization (b) and the time of film exposure to the air. 
 
It can be seen that it is the same as in the previous case (fig. 2). Probably it is because the penetrability of 
partially oxidated films decreases, and further on the diffusion of oxygen into the film limits this process. This leads 
to the change in the rate of the process registered on the curves in figures 2 and 3. In fact, considering that along 
with polydicyclopentadiene thin layers oxidation there is structuring and formation of additional cross-linking 
between macromolecular chains. Then it is clear that this process should lead to a change in films physical 
properties and their penetrability for air oxygen.  
The change in the adsorption intensity of cis- and trans-isomerism bands at 732 and 973 cm-1 show how 
structuring processes develop in polydicyclopentadiene film from metathesis polymerization.  
The common correlation of optical density (D) of adsorption bands at 732 and 1450 cm-1 and 973 and 1450 cm-1 
in the infrared spectrum of polydicyclopentadiene received using metathesis polymerization and the time of film 
exposure to the air (τ) is in figure 4.  
If relative band intensity of cis-isomerism of a polymeric chain around the olefinic bond rapidly decreases in 
course of time (fig. 4, a), then the intensity of trans-isomerism bond decreases at a lower rate (fig. 4, b). This trend 
leads to that mostly chains with trans-configuration towards the olefinic bond remain in the polymeric chain in 
course of time.  
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Fig. 4. The correlation of adsorption bands at 732 and 1450 cm-1 (a) and 973 and 1450 cm-1 (b) in the infrared spectrum of polydicyclopentadiene 
with the time of film exposure to the air. 
 
As oxidation happens, the number of chains with cis-configuration towards the olefinic bond drops nearly to none 
(fig. 4, a).  
Nominal quantity of chains of trans-configuration in the polymeric chain (fig. 4, b) also decreases. However, this 
decrease is not as rapid as the decrease of vibrations intensity of cis-configuration chains (fig. 4, b).  
 
Fig. 5. The correlation between the nominal content of chains of cis- and trans-configurations in the polymeric chain and time  
 
If supposed that the initial content of chains of cis- and trans-configuration in relation to the double bonds in the 
polymeric chain is equal, then gradually in course of time in the polymeric chain there would only be left bonds 
having trans-configuration because of oxidation and structuring (fig. 5).  
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4. Conclusion 
 
Polymeric film coating made of polydicyclopentadiene from cationic and metathesis polymerization in the air 
undergoes oxidation and structuring. In air, oxidation of double bonds in films is gradual during several weeks and 
comes amid an increase of absorption band of carbonyl and hydroxyl groups in the infrared spectrums of oligomers. 
At the same time, structuring and isomerism occur in films. This leads to the change of films physical properties, in 
particular to a decrease in films permeability for air oxygen. 
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